function of voltage on nearby gates, which act to reduce density in all or some of the wire and hence depopulate the 1D subbands. In gated heterostructure quantum point contacts, conductance steps of 2e 2 /h are observed at zero magnetic field, the factor of two reflecting spin degeneracy of the subbands [4, 5] . By analogy, one would expect nanotubes to show either a single step of 4e 2 /h -the four reflecting the four modes per subband associated with spin and band degeneracy [6, 7] -or two steps spaced by 2e 2 /h if band degeneracy were lifted, for instance by strain [7] .
configurations, revealing an unexpected plateau spacing of ~ 1e
2 /h at zero applied magnetic field.
Conductance quantization has previously been observed in multiwalled carbon nanotubes by immersing one end in a liquid conductor [8] . This study found quantization principally in units of 2e 2 /h, with additional plateaus appearing near e 2 /h under certain conditions. In single-walled nanotubes, multiple steps in dc current were reported in devices with highly resistive metal contacts [9, 10] , and were attributed to populating higher 1D subbands.
The nanotubes used in this study were grown by chemical vapor deposition (CVD) from Fe catalyst on doped Si wafers (which serve as backgates) with 1µm thermal oxide (SiO 2 ), and contacted with ~ 15 nm of Pd [11] following growth. All measured devices had nanotube diameters in the range ~ 1.5 -5 nm (actual diameters noted in figure captions) [12] . In some cases, the nanotubes were pushed with the tip of an atomic force microscope (AFM) to form a bend [13] [14] [15] . Three device configurations were investigated: bent tubes with side-gates (Fig 1b, inset), as well as unbent and bent tubes with local electrostatic top-gates (Fig. 3a, inset ). It has previously been shown that bends create gate-depletable regions [14, 15] , and that local gates affect only proximal sections of the tube [16] . The top-gated devices were made by depositing CVD-grown SiO 2 on the Pd-contacted nanotubes and patterning Cr/Au gates over the nanotubes using electron-beam lithography [16, 17] . Two-terminal differential conductance, G = dI/dV, was measured as a function of source-drain bias, V SD , by applying dc+ac voltage, V = V SD + V ac (with V ac in the range 50-180 µV), and separately measuring dc and ac currents. Fourteen devices in these configurations showed qualitatively similar behavior. Figure 1a shows characteristic plateau features in differential conductance for an intentionally bent tube with a local side gate near the bend (device shown in Fig. 1b) Conductance shows a dip around zero bias that deepens as temperature is lowered. Further, at temperatures below ~ 15 K single-electron charging is evident when the conductance is below the first plateau (Fig. 1c) , while in the high conductance region an oscillatory pattern is observed near V SD = 0 (Fig. 1d ), which we associate with Fabry-Perot interference [18] . This structure may nonlinear "half-plateaus" in quantum point contacts [19, 20] .
Experimental transconductance data (Fig. 2a) can be compared to various schemes for the evolution of 1D modes. In the simplest picture of four conduction modes with spin and band degeneracy [21] , one expects a single transition from G = 0 to G = 4e 2 /h around zero bias as V SG is increased, and a single half-plateau with G = 2e 2 /h at high bias (Fig. 2b) . With one degeneracy lifted (e.g., band degeneracy lifted by strain), the simple picture gives transconductance features as in Fig. 2c , with plateaus and transitions spaced by 2e 2 /h around zero bias and half-plateaus at e 2 /h and 3e 2 /h. With all degeneracies lifted, this picture gives four plateaus and four transitions each spaced by e 2 /h, and half-plateaus at 1/2, 3/2, 5/2 and 7/2 times e 2 /h (Fig. 2d) . Surprisingly, the experimental data most resemble the schematic in Fig. 2d .
Within an interpretation of separate 1D modes, positions of the half-plateaus from Fig. 2a give a value for the 1D-mode energy spacing of Δ 1D ~ 55 meV between the first and second plateau, with a spacing in gate voltage of ~ 1.8 V. Together, these give a coupling efficiency € α ≡ δE /eδV SG~0 .03, which describes how far the Fermi level of the nanotube shifts with applied side gate voltage [22] . The coefficient 
gives an independent estimate of effective device length,
We note that interpreting the measured half-plateau positions in terms of 1D subbands would require a nanotube diameter of ~ 15 nm, inconsistent with atomic force microscope measurements for all devices. If the band structure of the nanotube were modified substantially by the presence of a mechanical defect and a nonuniform gate, the 1D subband spacing could be reduced to the values we observe. Such an interpretation, however, would not explain the appearance of conductance steps with spacings of e 2 /h.
In all measured devices, the differential conductance was everywhere less than 4e 2 /h.
Subtracting a series resistance to bring the large-bias conductance to 4e 2 /h typically yielded plateaus and half-plateaus spaced by ~ e 2 /h [23] . In no case could we find an appropriate series resistance that would give plateaus separated by 2e 2 /h or 4e 2 /h. Figure 4 shows the low-bias conductance plateaus of the side-gated device (Fig. 1b, inset) as a function of temperature and magnetic field. No series resistance has been subtracted from these data. The plateau near e 2 /h, which shows considerable overshoot at low temperature, rises to a value close to 1.5e 2 /h with increasing temperature, while the subsequent plateaus are smoothed with increasing temperature, but do not rise significantly. Plateaus measured for this device at high bias show little change with increasing temperature. Magnetic field applied perpendicular to the tube axis has little effect on plateau structure (Fig. 4(b) ). Here, the Zeeman splitting at B = 8 T, gµ B B ~ 0.9 meV, is greater than thermal energy (k B T ~ 0.15 meV) but less than the voltage bias (eV SD = 2 meV). Comparable ratios of magnetic field to bias energies induce significant change in G(V G ) curves in GaAs quantum point contacts with spin degenerate levels.
Possibly relevant to our results is the appearance of a zero-magnetic-field conductance plateau near e 2 /h [25] , or more commonly closer to 0.7(2e 2 /h) [26] [27] [28] , in gate-defined semiconductor quantum point contacts and wires. A theoretical model of this so-called 0.7 structure in quantum point contacts involving the formation of an ordered electronic state in 1D [29] may be relevant in nanotubes as well. Finally, we note that previous studies of Pd nanowires have observed conductance plateaus at ~ e 2 /h, which the authors suggested may indicate ferromagnetism or near-ferromagnetism in Pd nanostructures [30] (though ~ e 2 /h plateaus were also seen in similar Ti structures). The plateau structure reported here is most evident in Pd contacted nanotubes, however we believe this is primarily due to the highly transparent contacts obtained with Pd rather than an effect of near-ferromagnetism in the leads, as magnetic field sweeps at both high field and around zero field showed no hysteresis or change in plateau structure. 
